Actinobacillus hominis are described. Animal contact was only recorded for three patients; nine patients died despite appropriate antimicrobial treatment. Although infections with this microorganism seem to be rare, the fact that 37 of 46 strains characterized in this study have been found in Copenhagen indicates that underreporting may occur. A. hominis is phenotypically relatively homogeneous but can be difficult to differentiate from other Actinobacillus species unless extensive biochemical testing is performed. Mannose-positive strains of A. hominis are especially difficult to differentiate from A. equuli. Attempts to identify A. hominis by automatic identification systems may lead to misidentifications. Ribotyping and DNA-DNA hybridization data show that A. hominis is a homogeneous species clearly separated from other species within the genus Actinobacillus.
MATERIALS AND METHODS
Strains. The 46 A. hominis isolates examined in the present study are listed in Table 1 . Thirty-eight isolates from 37 patients (one patient had A. hominis isolated twice from the sputum with an interval of 15 months) were found in Copenhagen at five different departments of clinical microbiology from 1977 to 1999. There were two isolates each from Greenland, Germany, and France and one each from the Czech Republic and Sweden. The majority of isolates were found in the respiratory tract (sputa and tracheal and bronchial secretions), one was from the pleural fluid, and four were from blood. Selected strains were studied for DNA-DNA hybridization levels and were characterized by automatic identification systems (vide infra). Twenty type and reference strains from taxa related to A. hominis and used for comparison in the bacteriological study are listed in Table 2 . Of these, only the Haemophilus species and A. ureae are indigenous species in man.
Clinical study. Patient records from 36 of the 37 Danish patients with A. hominis were studied as soon as the microorganisms were identified. Demographic data, including employment and animal contact history, underlying disease, and predisposing conditions, as well as symptoms and signs, were recorded.
Phenotypic characterization. All of the strains studied were characterized by conventional tests as described previously (5) . A total of 13 representative A. hominis strains and the 12 type and reference strains not belonging to the genus Haemophilus (see Table 2 ) were tentatively characterized by two commercial, automatic identification systems, ID 32E and Vitek GNIϩ (both from bioMérieux, Marcy l'Etoile, France). Of the Pasteurellaceae, Pasteurella multocida and Pasteurella haemolytica are included in the database of both systems. Furthermore, ID 32E includes Pasteurella pneumotropica, and Vitek GNIϩ includes A. ureae. Readings of the ID 32E system were done at both 24 and 48 h; when no profiles were produced automatically due to a questionable test result, this was resolved by visual reading. Only identifications accompanied by the epithets "excellent," "very good," "good," or "acceptable" were considered to be definitively identified.
Antimicrobial susceptibility testing was done with Neo-Sensitabs (Rosco, Taastrup, Denmark) on Danish blood agar (Statens Serum Institut, Denmark) according to the manufacturer's recommendations.
Ribotyping. Riboprinting was performed using the RiboPrinter System, as recommended by the manufacturer (Qualicon, Wilmington, Del.). In brief, single colonies from a 24-h culture on a 5% blood agar plate were suspended in a sample buffer and heated at 80°C for 15 min. After the addition of lytic enzymes, samples were transferred to the RiboPrinter System. Further analysis, including HindIII restriction of DNA, was carried out automatically. The riboprint profiles were aligned according to the position of a molecular size standard and compared with patterns obtained previously. Profiles were analysed with the BioNumerics software (Applied Maths, Kortrijk, Belgium). Similarity calculations were based on Dice coefficient and dendrograms generated by UPGMA clustering to determine profile relatedness.
DNA-DNA hybridization. DNA was extracted from 21 strains of A. hominis, including the type strain, and from reference strains of 12 related taxa, as described by Gerner-Smidt (7) with modifications. Prior to lysis, the suspension of bacteria was treated with RNase in addition to lysozyme. After the purified DNA was pelleted by centrifugation, it was washed with 70% ethanol, dried, and dissolved in distilled water. For each strain, 5 to 10 tubes were processed. The purity of the DNA was determined spectrophotometrically. Ten strains (A. hominis and non-A. hominis strains) were extracted thrice and in connection with the second extraction treated with RNase, protease, and perchlorate. The DNA was sonicated, and the phosphate buffer concentration was adjusted to 0.28 M.
The method used for the determination of the degree of DNA relatedness, i.e., relative binding ratio, was the hydroxyapatite hybridization method of Brenner et al. (1) ; the degree of relatedness is expressed as a percentage. The DNAs were labeled enzymatically in vitro with [ 32 P]dCTP using a nick translation reagent kit (Gibco-BRL/Life Technologies, Inc., Gaithersburg, Md.). DNA hybridization experiments were performed at 55°C for optimal DNA reassociation and at 70°C for stringent DNA reassociation. The percentages of divergence within related sequences were determined by assuming that each degree of DNA heteroduplex instability, compared with the melting temperature of the homologous DNA duplex, was caused by approximately 1% of unpaired bases. Before normalization to 100%, the levels of DNA bound to hydroxyapatite in homologous reactions were 51 to 72%. The levels of labeled DNA that bound to hydroxyapatite in control reaction mixtures that did not contain unlabeled DNA were 1 to 2.5% at 55°C and 1 to 3% at 70°C. Enhancing the extraction procedure (three extractions) elevated the level of DNA bound in homologous reaction from 51 to 72%.
RESULTS
Clinical study. Of the 36 patients for whom records were available, 6 were women and 30 were men. Their ages ranged from 19 to 80 years. All of the patients had underlying diseases or other predisposing conditions for infections (Table 3 ) and were from low socioeconomic groups. Animal contact was only recorded for three patients. Upon admission to hospital, all patients were in a poor general condition and suffering from severe respiratory insufficiency, including two patients with A. hominis bacteremia and one with a pleural empyema. The majority of patients had low-grade fever and pulmonary infiltrates, although distinction between old and new infiltrates was not always possible. Nine of the patients, including one with bacteremia, died despite appropriate antimicrobial treatment with penicillin or ampicillin.
Of 36 patients, 28 had not received antimicrobial treatment prior to microbiological sampling. A. hominis was isolated in pure culture from the blood of 2 patients, the pleural fluid of 1 patient, and lower respiratory tract specimens of 18 patients. In the remaining 15 respiratory tract specimens, A. hominis was cultured together with Streptococcus pneumoniae, Haemophilus influenzae, Moraxella (Branhamella) catarrhalis, Staphylococcus aureus, or Streptococcus pyogenes.
Conventional tests. The 46 A. hominis strains grew with grayish-white, mucoid and nonmucoid, soft colonies of about 1 to 2 mm in diameter without hemolysis on 5% horse blood agar after 24 h of incubation. In semisolid agar, the strains grew facultatively anaerobically and were nonmotile. The strains grew very poorly or not at all on bromothymol blue (modified Conradi-Drigalski) agar. The Gram stain showed small, pleomorphic gram-negative rods, often with a vacuolated appearance. Mucoid colonies consisted of bacteria with a small cap- (Table 4) . ID 32E. Characterization of 13 A. hominis strains resulted in 10 different profiles at 24 h. Eight of these profiles resulted in the epithet "doubtful profile" and were thus considered to be unidentified. The last two profiles resulted in an "acceptable identification" of Ochrobactrum anthropi (percent identification ϭ 88.0, T ϭ 0.60) for two strains and an "acceptable identification" of P. pneumotropica (percent identification ϭ 89.2, T ϭ 88.0) for one strain. Different results of carbohydrate fermentation were the cause of the different profiles.
For the 12 strains representing the taxa related to A. hominis, 10 different profiles were generated after 24 h. Six profiles from six strains were interpreted as giving no identification, while the two strains of P. pneumotropica were correctly identified with the epithets "acceptable" and "good" identification. The last four strains (A. equuli, A. lignieresii, and Bisgaard taxa 8 and 9) were misidentified as P. pneumotropica by two different profiles.
Vitek. Ten bionumbers were produced for the 13 A. hominis strains with this system. Nine strains comprising six bionumbers were labeled as unidentified at 12 h. Four strains were identified as A. ureae, with normalized probability percentages of 99, 97, and 93% at 8, 8, and 4 h, respectively; the last strain was identified with a normalized probability percentage of 77% at 12 h, with the additional comment "good confidence, marginal separation."
From the 12 strains representing taxa related to A. hominis, eight bionumbers were produced. A. suis and A. pleuropneumoniae were unidentified at 12 h, while the A. ureae strain was correctly identified at 12 h with a normalized probability percentage of 76% and the comment "good confidence, marginal separation." The type strain of P. pneumotropica was misidentified as 99% Vibrio alginolyticus at 7 h, and Bisgaard taxon 11 was misidentified as 99% Sphingobacterium multivorum at 12 h. The remaining seven strains were misidentified as A. ureae with probability percentages of Ն93%.
Antibiotic susceptibility. The A. hominis strains were found to be sensitive to penicillin, ampicillin, erythromycin, tetracycline, gentamicin, ciprofloxacin, and polymyxin by the tablet diffusion method.
Ribotyping. By schematic presentation of the riboprints in a dendrogram (Fig. 1) , all 46 isolates of A. hominis were easily differentiated from the 20 strains of the related taxa. The A. hominis isolates could be divided into 12 different ribogroups, of which one (ribogroup I) consisted of the majority (n ϭ 30) of the isolates. Three smaller ribogroups (IV, VIII, and XII) included two to three isolates each, while the remaining eight ribogroups were represented by only one strain each. Group I consisted of 27 Danish strains plus one strain from Germany (CCUG 23131), one strain from Greenland (P851), and the Swedish strain (CCUG 25843). Group IV comprised the type strain and two other Danish strains; group VIII comprised the other German strain (CCUG 23129), the Czech strain (CCUG 37044), and a Danish strain; and group XII comprised the two French strains (P1592 and P1593) from two different patients from the same microbiology laboratory. The four blood culture isolates belonged to three different ribogroups (III, VIII, and XII). For the 20 strains from the related taxa, each species or taxon was assigned to unique ribogroups. Two strains each of A. ureae, A. equuli, and H. paraphrohaemolyticus, clustered together, whereas the two strains of H. haemolyticus were not related as determined by riboprinting.
DNA-DNA hybridization. The type strain of A. hominis was radiolabeled for use in DNA reassociation experiments, and the relatedness to 20 strains of A. hominis (including two mannose-fermenting strains) was determined. The strains were closely related, exhibiting 89 to 100% (median, 96%) relatedness at 55°C (optimal temperature) and 83 to 99% (median, 94%) relatedness at 70°C (stringent temperature), and the percentage of divergence (%D) was 0 to 1.2%, except for one strain having a %D of 4.1%. The results obtained in DNA reassociation experiments between the type strain of A. hominis and related organisms are given in Table 5 . Of the 12 related taxons examined in this study, 10 had relative binding ratio (RBR) values of Ͻ70% at 55°C, although the A. equuli strain, the A. suis strain, and the A. capsulatus strain had RBR values of between 64 and 69%. Two strains, A. ureae and A. pleuropneumoniae, had RBR values of 70%, but %D values of 5.3 and 7.1%, respectively.
DISCUSSION
Except for the present study and its predecessor, whose patients all are included in the present material (5), very few cases with presumed or confirmed A. hominis infection have been described previously. In 1971, Rolland and Vandepitte (10) described eight patients with P. ureae pneumonia; one of the involved strains, which has not been preserved, appears from the description to be more compatible with A. hominis than with A. ureae based on the ability to ferment xylose, lactose, and salicin. A case of pleural empyema with A. hominis in a patient with carcinoma was published in 1988 (6) . Finally, in 1991 Wüst et al. (12) reported two cases of bacteremia with A. hominis in patients with hepatic failure and a history of drug and alcohol abuse. Both patients died despite appropriate antimicrobial treatment. Autopsy was performed in one patient and disclosed necrotizing purulent bronchopneumonia. These cases are in agreement with our own findings, including the two cases of bacteremia, regarding predisposing factors, poor general condition of the patients, and the respiratory tract as the primary infectious focus.
Why A. hominis mainly has been isolated in Copenhagen is not clear. The fact that A. hominis has been described from bacteremias in Switzerland (12), Germany (12) , and France (the present study) and has been isolated from respiratory tract specimens from Greenland, Sweden, and the Czech Republic indicates that the geographic dissemination of the microorganisms is widespread. A tradition for extensive characterization of small gram-negative rods in this country is probably part of the explanation for the predominance of the Danish isolates. Another explanation may be a rather intensive microbiology service in Copenhagen during the period involved.
Phenotypically, A. hominis is seen to be a relatively homogeneous taxon, but the mannose-positive strains (19%) may be difficult to differentiate from A. equuli (Table 4) . However, these strains were, with two exceptions, salicin positive, a trait not compatible with A. equuli, and their colony morphology and riboprints were characteristic for A. hominis. One A. homi- 
